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THE BY-PRODUCTS OF THE DAIRY. 
(a) EXPERIMENTS IN PIG FEEDING. 
F. B. LINFIELD. 
INTRODUCTION. 
Soon after becoming connected with the Station, the writer, 
from ob er vations made in various parts of the State, was im-
pre sed with the necessity for investigation looking to the prof-
itable di posal of the by-products of the dairy, both at the fac-
tory and on the farm. The common method at the factories 
s eemed to be to feed hogs on milk or whey alone, and where 
grain was fed, it was only given to finish the hog for market. 
This method of management did not appear to be successful, 
for it gen erally took th e whole season to get one crop of hogs 
r eady for the market; bes ides, in many instances , it resulted in 
too hig h a death rate among the hogs to be at all profitable. 
In planning this series of experiments , the object was to 
study the economy of feeding milk alone and milk in combina-
tion with g rain, as compared with feeding grain alone. No 
attempt was made to compare the relative value of the different 
varieties of grain when fed in combination with milk. Different 
kinds of grain were fed, however, so that on the main question 
the results should be fairly accurate. 
Our facilities for feeding hogs were limited so that a large 
number could not be fed at one time. rIo eliminate individual-
ity and the effects due to the variety of weather and seasons, a 
lar ge number of experiments have been made extending over 
ever al years and conducted at all s easons of the year. 
It is believed, therefore, that the res ults will be even more 
valuable than if a large number of hogs were fed in one or two 
experiments. Observation has demonstrated that a change of 
food , apart from the question of the quality of the food, i . very 
NOTE- The experiment · were planned a nd carried throug h by t he wri ter. F or help in 
making t he table and the checking up of a ll data I a m indebted to my a ssist ant, Mr. Crockett. 
F or t he pla ns a nd illustration of the piggery I am under oblig-a tions t o Mr. Alma Merrill, 
ma nager of the Cache Valley Dairy Co., Richmond, and for other fa vors to Mr. L. Hansen of 
Wellsville and Mr. J. R. Murdock of Charleston. 
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likely to vitiate any conclusions which may be drawn from 
brief experiment, and so the lots in these tests were fed con 
uously on the same ration, as far as possible, from start to finish. 
In a few instances a change of food was unavoidable, but as this 
will afford a basis for additional observations, they will not be 
without value. 
When the experiment started our milk supply was limited, 
which unfortunately interfered witli the original plan of some 
of the experiments . Later, the necessity for making cheese 
made it imposs ible, at times, to feed all milk, and thus whey had 
to be substituted in part. This introduces an uncertain ele-
ment into the experiment, due first to the lower percentage of 
dry matter in the whey, but mainly to the difference in the 
quality of the dry matter. From the practical standpoint, 
however, this will not detract from the value of the results. 
K eeping the r ecords is no smalJ part of the work of an ex-
periment. In all of the experiments where the hogs were fed 
milk, or milk and grain, the feed was weighed every day at every 
feeding. The food of the grain fed lots was weighed up in bulk 
once a week and any food not eaten was weighed back. The 
r esults of thes e weighing were carefully recorded on blanks 
prepared for the purpose, and at the end of every month they 
were transferred to the station record book. 
COMPOSITION O F FOODS. 
The quality or kind of food was also carefully noted, and 
a record was made of any change in the kind of food fed. An 
exact record was not kept of the composition of the milk and 
whey fed, but from a large number of analyses made during 
the time of the experiment, and compared with those reported 
from other stations the following average compositions are be-
lieved to be fairly accurate for the by-products we fed. The 
composition of the grain fed is also given. 
PERCENTAGE COMPOSITION OF THE FOODS FED: 
*Skim Milk .. .. .. .. .. ... .. . 
*Whey . ... .... . ... ... .. .. . . 
t Whellt (ground) ... . . .... . 
t Corn Meal . ... . . . ... . . .. .. . 
*Ba rley .. .. .......... . .... . 
tBran and Shorts . . .... . . 
90.4 
93.3 
10.3 
7.92 
10.09 
11.67 
Ash 
.7 
2.12 
1.77 
2.40 
4.22 
I I I 
Nitru-I C d I I Estlm&W Crude Crude gen, pU e Dry Digest-
:Fat Fiber free t r:o - Matter ible 
extr'ct eln Matter 
.2 
.3 
1.68 
4.34 
1.80 
3.75 
3.11 
2.64 
2.70 
7.30 
5.3 
4.8 
66.38 
73.38 
69 .80 
5964 
3.3 
.9 
12.85 
9.95 
12.40 
13.74 
9.6 
6.7 
89.70 
92.08 
89.91 
88.33 
8.6 
5.8 
75.5 
76.1 
76.8 
60.0 
(*) From the "Handbook for Farmers and Dairymen," by Woll . 
(t) From analyses made at this Station . 
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Only a few digestion experiments have been made with 
bogs, and so the figures given under the head of digestible mat-
ter are but an estimate. There is such a difference, however, 
in the digestibility of milk and whey, as compared with the 
grain, that the estimated digestible matter of the rations seems 
to give a better basis for comparison than does the dry matter. 
In fact, as will be noted later, the comparison on the basis of di-
gestible matter in. some instances changes the result from what 
it would be were the dry matter alone considered, and also ex-
plains orne apparently contradictory results. 
PRICES OF FOODS. 
The relation of the price of the food used to the facts 
gleaned from an experiment does not seem to be clearly defined 
in the work of many experimentel~s. To base the ]~esu1ts of an 
experiment, designed to test the relative value of foods, upon 
price alone is clearly erroneous, while to disregard the price 
would , from a practical standpoint, be undoubtedly misleading. 
Some feeding-stuffs have a varying yet definite market value, as 
is the cas e with practically all kinds of grain and hay. Other 
feeding tuffs, such as roots, silage, skim milk or whey, have 
no definite market value, and to arbitrarily place a price upon 
them always introduces an element of uncertainty into an expe-
riment; while the personal factor and local conditions, still fur-
ther vitiate the results from the scientific standpoint. It has 
seemed to the writer that to express the value of one feeding 
stuff in the terms of another, would approach much nearer to a 
true test of its value. Undoubtedly this may not at all times be 
possible ann. would be difficult under nearly all circumstances. 
The value of any given feeding stuff will vary according to 
wh ether it be intelligently fed or otherwise, and according to 
the care bestowed upon the animals, while with certain fodders 
and grains, fed to some kinds of animals, their value would vary 
according to the way they were combined in the ration. Again, 
those feeding stuffs which may be classed together as by-pro-
ducts, are valuable mainly in combination, because they are, a. 
a rule, very rich in one or two ingredients. The e by-prod ucts 
generally have a value. apparently, apart from what their con-
stituents would seem to indicate. That is in balancing a rati on 
th se by-products enable an animal tb make greater u ~e of the 
other parts of that ration due to its better meeting the want of 
th . ~body, and perhaps, also, to its improved palatability, the ani-
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mal thus eating more and leaving a larger surplus for growth. 
Skim milk is a by-product of especial value and what i 
said above will apply to it. The endeavor in this experi 
has been to show th e value of kim milk in terms of grain. 
may be contended that, as neither the grain nor the milk when 
fed alone was nearly equal to the milk and grain in combination, 
both parts of the ration should be credited with the increase. 
However, as grain is a common and standaL-d ration in hog feed 
ing, it seem5; to the writer that the extra value of the combined 
ration should be credited to the skim milk. Some addi .. ~·v"""lL"'" 
reasons for this will be given later. 
Thi series of experimen ts has been running for nearly 
±our years and during that time the price of grain has varied 
very much. Prices, however, cannot be ignored and it is thought 
that an average price of seventy-five cents per hundred pounds 
of grain of whatever quality would be an outside and quite safe 
figure to base the financial results upon, as applied to average 
local conditions. 
In comparing different feeding stuffs, the practice -i 
sometimes to limit the animals to the same amount of calcula 
digestible matter. In conducting a digestion experiment th 
practice mav have value, but from the practical standpoint it 
eliminates a valuable element in an experiment, viz. : the palata-
bility of the fodder, or the ability of the animal to eat more of 
one food than of the other, an item which has an important bear-
ing upon the rapidity and economy of the gains. In the experi-
ment under consideration this has had an important bearing 
and will be referred to later. With every lot fed during this 
series of experiments the amount of food given was gauged by 
what the pigs would eat up clean, the aim being to feed the ani-
mals to the full limit of th eir appetites. 
FEE DING AND MANAGEME NT. 
The hogs in all the experiments, except the sixth, were fed 
in small pens, situated on the north side of the Station barn; 
very good summer pens, but during the winter damp and dark. 
Dry straw bedding was provided for the hogs to sleep upon. 
They also had a small outside run. 
In every instance during this series of tests the hogs were 
fed twice a day, and no more was gi ven to them at anyone time 
than they would eat up clean in a rea5;onable time. When milk 
and grain were fed in combination, the milk was mixed with the 
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grain before feeding, making a slop. The milk fed was some-
times fresh and sometimes sour, but never old. It was found 
to be impos ible to get uniformity in this matter. Practically, 
however, it will not vitiate the results; it may even add value to 
them, a it would approach nearer to what the farmers and 
dairymen have to feed. When the hogs were fed grain alone, 
water was added to make a slop of similar consistency to that 
given the hogs fed on milk and grain. The hogs at all times had 
acces to pure water, and a supply of charcoal and a hes was 
alway kept in the pens. 
The hogs were weighed three or four days in succession 
and the average of these weights taken as the weight of the 
hogs at the beginning of the experiment. They were also 
weighed by sets at the beginning of every )Jleek, and in several 
instance three or four weighings were made, when the hogs 
averaged 50,100,150 and 200 pounds live weight each. 
Except in a few instances, when through a mistake it was 
omitted, the hogs were weighed three or four times at the close 
of the experiment and the average of these weights used. The 
weighing was done in the middle of the day, or midway between 
the morning and evening meals. 
Table No. I., II., III., IV., V., VI., and VII. give a con-
densed s ummary of the experiment. The column headed 
"value of grain" is the value of the grain eaten at 75 cents per 
hundred pounds, and the difference between this and the "value 
of the gain" i given under the heading "returns for skim milk." 
Under the heading "returns for grain per 100 pounds" is given 
the amount received for the grain when the gain in live weight 
of the hog sells at the prices stated. This price, of course, 
can only be calculated for the hogs fed on grain alone. It would, 
probably, have been more nearly correct if this price had been 
used in calculating the returns from skim milk; but, as the 
value of the skim milk in term of grain gives this £ador, it is 
allowed to tand. The value of the skim milk in terms of grain 
was calculated from the amount of grain saved by feeding the 
varying amounts of skim milk with it, or feeding skim milk{ 
alone, a compared with feeding grain alone. 
EXPERI~ENT NO. 1. 
The first experiment was started on June 27,1894. The 
object was to compare different proportions of milk and gra11l 
with an all grain ration. The hogs were young and growing 
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grade Berkshires, and were divided into three lots. In lots one 
and two were four hogs , and in lot three two hogs. 
The hogs were fed a follows: 
Lot one received 1 pound of grain to 4 lbs. of milk for 118 days. 
Then 1 to 2 co till · the ex-
periment closed. 
Lot two received 1 pound of grain to 2 lbs. of milk for 118 days. 
Then 1 pound of grain to 1 co till the ex-
periment closed. 
Lot three received grain mixed with water. 
The hogs had, at all times, all the water they would drink, 
but it was not weighed. 
The grain fed to all lots was barley and bran mixed half 
and half by weight for 124 days, and for the next 37 days or 
till the clos e of the experiment, the grain fed was corn and 
wheat mixed half and half by weight. The table gives a sum-
mary of the experiment together with the results. 
This experiment continued longer, and the hogs attained 
greater weights than in any other experiment of the series. 
l.'he gains for lots one and two are practically the same, viz.: 
1t lbs. per day, while lot three came t of a pound behind them. 
Lot two required .12lbs. more dry matter to make one pound of 
gain than did lot one, but, when calculated to the estimated 
digestible matter, the difference is reduced to .04 of a pound, or 
practically nil. A comparison of the dry matter required for 
one pound of gain when milk was fed and when it was not is 
interesting;' the lot fed grain alone required over lIb. more dry 
matter for one pound of gain than did lot two fed milk and 
grain. 
The financial results point a valuable lesson. It does not 
pay to grow hogs to 260 lb . live weight on grain alone, when it 
is worth 75 cents per hundred pounds , if three cents a pound is 
all that can be obtained for the increase in the live weight of the 
hog. The actual returns are but 54 cents per hundred pounds. 
Even when the gain in live weight is valued at 4c. per pound, it 
scarcely pays for the grain. That s kim milk is a valuable 
adfunct to the grain is shown. In lot one, one hundred pounds 
of skim milk takes the place of 24.8 pounds of grain; and in lot 
two, 31.7 pounds of grain ; or at 75c. per hundred pounds for 
grain, the skim milk would be worth 18.6c. and 23.7c. respect-
ively . The value at any other price for grain could be easily 
reckoned. It would seem, too, from this experiment, that skim 
TABLE I. - FIRSI' EXPE RI MEN T . SUMME R AND FALL OF 1894. 
----
riJ Lhs. of food Weig't Weig't Aver- Lbs Food to Lbs . Value Va lli e of Returns for 1001bs . Returns for hI eaten. Total lib. gain . Lbs . Digest- Gain a t skim milk skim grain per 100 0 
.0 age Dry o f when hogs lbs . when at g a in ible milk :t: Q) at Matter sell for hogs sell for 
'0 ~ 
"rain I Milk, begin- per Gr.in I Milk ' tal lb. Matter Gra in elb!~l (IJ gain. hog Gain. to lIb. 3 ct" 1 'ct" 3 cts. 1 4 cts . 3 cts. 14 cts. 0 ;>, ning . end. p' rday Gain. Fed . per lb. per lb . grain. (OJ per lb. per lb. per lb . per lb. 
Z 0 
Lot!. ... 4 161 2406 8444 157 1020 863 1.34 3.02 9.78 3.63 2.89 $19 .54 $25. 89 $3!.52 $ 6.35 $14 .98 2" .8 -- - -
Lot II . .. 4 161 3013 4996 149 993 844 1.31 3.57 5.92 3.75 2.93 22.60 25 .32 33.76 2.72 11 .16 31.7 - - - -
Lot III . . 2 Hil 2059 -- 156 534 378 1.17 5.45 - 4.8!) 3.70 15.44 n .3! 15.12 - - -- -- $ .!il $ .73 
-_._-
TABLE II .-SECOND EXPERIMENT. WINTER AND SPRING OF 1895 . 
Value of gain Returns for 100 lhs . Returns for ,;, Lbs of food Weig't Weig't Aver- Lbs. food to 1 Lbs. Lbs. Value when hogs skim milk grain per 100 b.CI eaten. Total age lb . gain . dry difb,~t- sell for when hogs skim wl .en hogs sell 0 .0 at gain of sell for milk for c:: Q) at matter equal 
..... 
~ 
Gr.iu l Milk 
begin- per 
Grain I Milk. to 1 lb . matter 0 00 Gain. hog gain. to lIb. grain. 3 c"'1 ' ct., 3 cts . 14 t!ts . lbs. of 3 cts . 1 4 l'ts. ;>, ning. end. p'r day gain. per lb . per lb . per lb . per lb. grain per lb . per lb . 0 (OJ 7- 0 
Lot 1. "1 4 1 13512869 1 4904 1 257110161 759 1 1.41 378 1 6.39 13.97 13.121 $21.51 I $22.771 $30.36 1 $ 1. 26 1 $ 8. 85 1 16 .4 1 1 
Lot II .. _ 4 Ian 2573 261 794 533 .99 4.83 4.30 3.28 19.29 15.99 21.32 -- -- 62.1 82.9 
to 
~ 
o 
tt 
C 
() 
~ (f) 
o 
~ 
~ 
~ 
t::l 
>-;a 
~ 
tv 
o 
w 
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milk was worth more wh~n fed in the proportion of two pounds 
of milk to one pound of g rain , tha n when fed at th e rate of four 
pounds of milk to one pOllnd of g rain. This is in line with 
Wisconsin experiments .* 
EXPERI MENT No. 2. 
The s econd ex periment, s tarted on January 5th, 1895, and 
continued for 135 days. Th e obj ect of this expe riment was to 
compare the valu e of milk and gra in in combination with a n all 
grain ration, being thus a continuation of th e previoll s experi-
ment. The s upply of milk was limited , and so the amount fe d 
was gradually r educed as th e hog s gained in weig ht. 
The various lot s w er e fed as follows: 
L ot one r eceived 4 lbs. s kim milk to lIb. g rain till hog s av.er-
aged 100 lbs . ; 3lbs . skim milk t o 1 lb. g rain till h ogs averaged 
125 lbs . ; 2 lb s . s kim milk t o 1 lb. g r ain till hog s averaged 150 
lbs. ; lIb. s kim milk t o 1 lb. grain till hog s average d 200 lbs., 
and so on till th e close of th e exp eriment. When the milk was 
r educed, s ufficient wat er was added to m ake the g rain into a 
slop. 
Lot two r eceived th e sam e kind of g rain as was fed t o lot one 
but mixed with water. 
The grain fed con s is ted of wheat and bran mi xed balf and 
half by weight. Th e class of hogs we r e s imilar t o those in the 
firs t experiment. T able N o. II. g ives a condensed s ummary of 
the results. 
The hogs in lot on e of this experiment ate 393 p ounds of 
grain in a ddi tion to 4, 904 pounds of skim milk more than lot t wo, 
and gaine d 226 p ounds mor e. Lot one gained 1.4 pounds per 
day to practically 1 pound gained by lot two. It al so took less 
dry matter and less estimat ed diges tible matter to m ak e a 
pound of g ain in lot one than in lot two. In thi s ex periment 100 
pounds of skim milk r eplaced 16.4 pounds of grain, thu s g iving 
12.3 cents per 100 pounds of milk wh en g r ain is worth 75 cents 
per 100 pounds. A ccording t o this experim ent, as with th e 
fir s t, ther e is no m on ey in feed ing hogs with g r ain a t three 
quarter s of a cent per pound, wh en th e hog s sell at 3 cents per 
pound live weight. Ther e is a fair measure of profit, however, 
when they sell for 4 cents per pound live weig ht. 
EXPE RIMENT No.3. 
The third experiment was s t arted on Aug us t 5th, 18Q5, a nd 
continued for 175 days. The objec t of tbis experime nt was to 
-See 12th Annual R eport, Wise . E xpel'. :Sta tio n , p . 21. 
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compare the value of milk and gra in in combinations with milk 
alone, according to the [onow ing plan: 
Lot one received skim milk 6 lbs . to 1 lb. grain till hogs 
averaged 50 lbs .; then kim milk 3 lbs . to 1 lb. grain till hogs 
averaged 100 lbs .; then s kim milk 2 lbs. to 1 lb. grain till bogs 
averaged 125Ibs.; tben skim milk lIb. to 1 lb. grain till hogs 
aver ag ed 200 lb .j and skim milk t lb. to 1 lb. grain, after the 
hog: passed 200 p ounds live weight each, until the close of tbe 
experim ent. When the milk wa r educed, enough water wa 
added to th e g r ain to make a thin mash. 
l~ or lot tz 0 the aim was to f eed skim milk alone, but unfor-
tunately th e limited milk s upply would not permit of tbis plan 
being carried out after the fir s t few weeks of the experiment, 
and so the 'kim milk had to be supplimented with grain. Tbe 
gram was fed at the rate of 2 pounds per day for each hog, and 
the r est of th e ration made up of skim milk. The grain fed 
consis t ed of wh eat and bran mixed half and half by weight. 
This ex periment s tarted with four hogs in each lot, but 
123 days after th e beginning of the tes t two hogs were taken 
out of each lot, as there was not enougb milk to feed the four 
hog. Tb e r esults , therefore, are based upon four hogs for 
the fir , t part of the experiment and on two hogs for the last 
part. A s ummary of the experiment is given in Table III. 
L ot one of this experiment was fed for a few days on a 
ration cons is ting of 4 pounds of skim milk to 1 pound of grain, 
but they did not seem to do well, and so a change was made to 
6 pound of skim milk to 1 pound of grain, when they responded 
with m or e rapid gains. This seems to indicate that a larger 
proportion of milk could be fed to young bogs up to 50 or 75 
pounds live weight than would be profitable to feed to more 
mature hog. 
The r esults of this ex periment are decidedly in favor of a 
small, as contrasted to a large propor tion of skim milk fed witb 
grain. With tbe large milk ration ( 1 part grain to 11 or 12 of 
skim milk ) the hogs gain~d t pound less per day tban with tb e 
small milk ration ( 1 part grain to 2 of skim milk ) and took a 
larger amount of dry matter or ot estimated digestible matter 
to a pound of gain. 
Tbe re su1t~ seem to indicate that nothing is los t in feeding 
hog if it i properly done, even wben they are sold at 3 cents 
per pound live weight. Lot one returned 75 cents per hundred 
pounds for grain and 16 cents per hundred pounds for milk. 
TABLE I1!.-THIRD EXPERIMENT . SUMMER AND FALL OF 1895. 
Lbs . of food Weig't Aver- Lbs . food to 1 Lbs . Weig't Lbs . No. of Da ys eaten . 
at 
Total a~e lb . gain . Dr.y digest-
at i:aln Matter ible 
Grain I Milk begin- per Grain I Milk to lIb . matter hogs . F ed. end . gain. hog gain. to lIb . ning. p'rday gain . 
Lot I . . ... · · ··· · ·· 1 2 1 175 1 1177 1 2211 1 41 1 453 1 412 1 1.18 1 2.85 1 5.36 1 3.251 
Lot II . .. . . . . . . . . . 2 175 534 6028 41 327 286 .81 1. 87 21.10 3 .68 
2.40 
3. 08 
TABLE n .- FOURTH EXPERIMENT. SUMMER AND FALL OF 1896 . 
- -
Lbs . of P'ood Aver- Lbs . food to 1 Lbs . 
No . of Da y .. eaten. 
Weig't Weig't Total age lb. gain. Lbs . dilb~~t-a t gain dry 
Grain I Milk 
at ~er 
Gr a in I M.i,< 
matter ma t t er 
hogs. fed . 
begin- gain . og to l Ib . to lib . 
ning. end . per g a ill . day . g ain . 
Lot!. . . . . . . . . . ...... 2 124 729 2066 52 349 297 1. 20 3 .45 7.00 2.85 2 26 
Lo t. II . .. .. ... .. 2 124 - 6058 53 248 195 .79 - - 31.1 2. 98 2.67 
L otIII . ....... ... 2 124 417 - 49 101 52 -- 8.02 -- 7.14 --
Va lue of g ain Returns for skim milk Value at when hogs 
of seil for 
gra in . 3 c"_1 ' ct,- 3 ct s . \ 4 cts . per lb . per lb . pe r lb . per lb . 
1
$ 8 .82 1 $12. 36 1 $16 .48 1 $ 3. 54 1 $ 7.66 
4.00 8 .58 11. 44 4.58 7.H 
Value of g a in Re t urns for 
Value at skim mi k whe ll hogs 
of sell for 
graill 3 c"_1 'C" 3 cts . 1 4 cts . pe r lb . per lb . pe l' lb. per b . 
$ Ci.47 $ 8. 91 $11 .88 $ 3.« $ 6 !1 
-- 5.85 7.80 5.85 7.80 
3.12 1.56 2 .08 -- --
N 
o 
cr-
t:d 
~ 
c:z:j 
f-3 
Z 
Z 
~ 
CJ\ 
:--t 
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At 4 cents per pound for the gain, hog feeding is quite a paying 
proposition, r easoning from the results of this test. It should 
be noted, however. that the hogs were lighter in weight at the 
close of the experiment than in either of the former tests. 
E X PE RIME NT No.4. 
The fourth experiment was started on June 15th, 1896. 
This ex periment was along the line of the previous ones, but 
another factor was added. The object of the experiment was 
to compare 'kim milk alone with skim milk and grain, and with 
grain alone ( mixed with water ) when fed to young and grow-
ing hog. 
The hog s used were Berkshire grades, about two month s 
old when th e experiment s tarted, but quite a thrifty lot. There 
were two hog s III each lot. During the experiment, however, 
one hog in lot one died, and another was s ubstituted of about 
the sam e weight. In lot three one of the hogs did not thrive 
and so this lot will not be cons idered in the comparison of th e 
ration '. 
The plan of the experiment was as follows : 
Lot one r eceived 6 1bs. of skim milk to lIb. of grain till hogs 
weighed 50 lbs . ; th en 4lbs . of skim milk to 1 lb. of grain till 
hogs weigbe<'l100 lbs . ; then 2lbs . of skim milk to lIb. of grain 
till cIo e of the experiment. 
L ot two received skim milk alone: 
Lot th1~ee r eceived grain, mixed with water. 
The grain used was wheat and bran mixed half and half by 
weight. The hogs were fed twice a day and were given all they 
lVould eat up clean in a reasonable time. In this experiment, 
also, the milk supply ran short, so that all the lots were fed 
grain alone for the last three weeks of the test. This is not in-
cluded in the table, however, but furnishes a supplementary 
test. A condensed summary of the experiment is given in 
Table IV. 
One of th e hogs in lot three, fed on grain alone, did not 
grow, in fact los t weight during the twenty-seven days it was in 
the tes t. It was then taken out and fed on grain and milk, and 
after a few weeks began to improve rapidly and made a very 
fine hog that could not be distinguished from others that were 
four or five months younger. Evidently young hogs, such as 
these were (25 lbs. live weight) could not digest the grain when 
fed alone. The way the animal improved when fed on milk and 
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grain showed in the strongest manner the adaptability of this 
food to the young animal. 
The advantage of feeding milk and grain in combination 
may be noted all through the test. The hogs so fed gained i\ 
of a pound more per day and took less dry matter, or estimated 
digestible matter, for a pound of gain. This ration also gave 
larger returns for the skim milk, 16.6 cts per hundred pounds. 
as contrasted to 9.6 cents for the milk fed lot, even when selling 
the hogs at 3 cents per pound live weight. 
EXPERIMENT No.5. 
The fifth experiment is a continuation of previous ones 
wi th hogs, being acorn parison of th e econom y of various 
methods of hog feeding in which milk forms the whole or part 
of the ration, compared with grain alone. The experiment 
started on January 14th, 1897, and continued for 127 days. 
Three lots were used with three hogs in each, but the hogs in 
lot three were older and larger than those in lots one and two. 
They were thin but thrifty and should have made good gains. 
The hogs in all the lots were Berkshires or Berkshire grades. 
The lots were fed as follow : 
Lot one received 5 pounds of kim milk to 1 pound of grain till 
the hogs averaged 75 pounds in live weight, after which they 
received 3 pounds of skim milk to 1 pound of grain. 
Lot two was fed skim milk alone, all they would drink. 
Lot t/zree was fed grain mixed with water. 
At times there was not enough skim milk for the lots fed 
on this food, and it had to be supplemented with whey, but not 
more than 12 per cent. of the total by-product fed was whey, 
and as it was scattered over one-half the time of the experiment 
it should not materially affect the re ults. The whey fed is 
allowed for in calculating the dry matter. 
The grain fed, consisted in all cases of ground wheat. 
Lot two, fed on skim m ilk, and lot three, fed on grain, did 
not thri ve well. This was particularly the case with lot two. 
A supplementary experiment was, therefore, run for 27 days, 
lot two being fed grain in the same proportion as lot one, while 
lot three received grain and whey. The hogs at once improved 
in thriftiness. The result will not be considered in the follow-
ing table which is a summary of the first 102 days feeding. In 
contrast with the above it was particularly noted that lot one. 
fed the milk and grain ration, were pictures of health and fat-
tened read~ly. Table No. V. gives the results of the experiment. 
TAkLE V .-FIFTH EXPERIMENT . WINTER AND SPRIl\'G OF 1897. 
Lbs . of food Weig' t Aver- Lbs . food to 1 Lbs. Value Value of gaill ~ Weig't Lbs eatell . Total age lb . gain . Dry digest- of lit 0 
.0 at gain ible 
..Q at matter 
.... ~ 
G,·.in 1 Milk 
begin· per 
Grain 1 Milk 
to lib . matter grain 0 
'" end . gain . hog gain . to lib. 3 C" 'I ' cto. 0 .... lIing·. p ' r d ay gaiu . per lb . per lb . 
z ~ fed . 
Lot 1. .. . 3 10l. 10:W 3744 H:3 579 436 1.42 2.34 8 .59 2 .92 2 .:i3 $ 7.67 $13.08 $17 .44-
Lot II .. . 3 102 - - 6028 HI 316 175 .57 - 34 .35 330 2 95 -- 5.26 7.02 
Lot HI.. 3 102 108:3 - 242 490 248 .81 4 .38 -- 3.93 2 .98 8. 12 7.44 9.92 
-- - - ---
Returns for 100 Ibs. sldm milk 
Whil Il hogs skim 
milh: sell for 
equal 
3 cts . 14 cts. lI)s . graiu. per lb. per lb. 
$ 5 .43 $ 9 .79 23.7 
5 . 26 7.02 12. 7 
-- -- -
-
f{et urns for 
grain per 100 
Ibs . when hogs 
sell for 
3 cts 14 cts . 
per lb . per lb. 
- -
-
-
68 .7 91.6 
t::d 
><: 
~ 
~ 
o 
tj 
q 
() 
,..., 
r.n 
o 
t"Ij 
..., 
~ 
ttl 
tj 
~ 
~ 
~ 
N 
o 
--: 
210 B LLETIN NO. 57. 
This was the first experiment during which we got a simul-
taneous and satisfactory comparison of the three methods of 
feeding, viz., milk and grain, milk alone and grain alone. The 
lot fed on milk and grain gained more per day than the other 
two lots together and required very much less of either dry 
matter or estimated digestible matter to make a pound of gain. 
The hogs on milk alone gained much less than those on grain 
alone but took about the same amount of estimated digestible 
matter for each pound of gain. 
After paying for the grain at 75 cents per hundred pounds 
the returns for skim milk were twice as much as when fed alone, 
or 17.7 cents as compared with 9.5 cents. The hogs fed grain 
alone did not pay for their feed when they were sold at 3 cents 
per pound live weight, but there was profit in the feeding at 4 
cents per pound. At the latter figure the returns for the grain 
were 91.6 cents per hundred pounds, which would give a fair 
measure of profit. 
E XPI <:HIMENTS NOS. 6 AND 7. 
The sixth and seventh experiments were . tarted on July 
7th. 1897, and continued for 119 days, except fOl" lot one in each 
experiment which was run fOl" 136 days. The object of the ex-
periment wa the same as with previous ones of this series, but 
the hogs in experiment s ix were fed outside where they had the 
run of a pa ture of mixed grasses, which contained quite a 
large percentage of lucern, while those in experiment seven 
were fed in pens, as had been the case with all previous experi-
ments. This test, therefore, affords a comparison of inside 
and outside feeding as the same rations were used in each case. 
The hogs were a thrifty lot of Berkshire and Poland China 
grades and they were divided into six lots with three hogs in 
each, the hogs of all of the lot being quite uniform in weight. 
Three of the lots were fed inside in the pens and three on the 
pasture. 
In this experiment a much larger amount of whey was fed 
than in any of the previous ones, fully 40 per cent. of the by-
product fed being whey. The plan was to give the hogs all the 
skim milk of the dairy and to make up the deficiency with whey. 
The details of the feeding were as follows: 
EXPERIMENT SIXTH, ON PASTURE. ' 
Lot one was fed skim milk or whey only. 
Lot two was fed skim milk or whey and grain. ' The lot 
received 5 pounds of milk or whey to one pound of grain, till 
./' 
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the hogs averaged 75 pounds in Ii ve weight. Then they received 
3 pounds of milk or whey to one pound of grain till the close of 
the experiment. 
Lot three was fed a full ration of grain mixed with enough 
water to form a slop. 
In experiment seven the hogs were fed in pens and the lots 
were arranged and fed exactly the same as those on pasture. 
The grain fed was bran and cornmeal mixed half and half 
by weight, and was the same for all tbe lots getting grain. 
After continuing for 104 days the supply of milk and whey ran 
short and so lot one of each experiment received grain for the 
remaining 32 days in the same proportion as lots two of each 
experiment. This supplementary period is not considered in 
table VI. 
The hogs in experiment six, fed on pasture, undoubtedly 
obtained some food from it, and those lots getting milk alone 
and grain alone would be more likely to eat the pasture than 
those fe d on milk and grain. This would tend to vitiate the 
results in a comparison of the various methods of feeding, but 
when compared with the s eventh experiment s ome interesting 
facts will be noted. They will be referred to later. 
In tbis, as in all previous experiments, the lot fed on milk 
and g r ain gained the most per day . Of dry matter, the lot fed 
milk took the least to make one pound of gain, and tbe lot fed 
grain the most, but of estimated digestible matter to one pound 
of gain, there is practically no difference in the lots . This is 
the only lot in the eries whicb, when fed on grain alone and the 
gain valued at 3 cents pp.r pound, returned over 75 cents per 
hundred pounds for the grain fed. The pasture, or outside 
feeding, s e-emed to supply additional food to the hogs, or en-
abled them to make better use of what was given them. These 
hogs required les s dry matter to make one pound of gain than 
any of the hogs similarly fed in this series of experiments . It 
should not be forgotten that these hogs probably obtained some 
food from the pas ture. It would be impossible, however, to es-
timate the amount, though it undoubtedly lowers the amount of 
grain required for each pound of gain. ( See also Table VIII. ) 
A the value of tbe skim milk in terms of grain is calculated 
from the amount of grain it takes to make one pound of gain, 
and, a in this experiment, the grain made uch a good showing, 
the kim milk did not replace as m ucb grain as in previous tests. 
It should be noted, too, that the returns from the skim milk, 
TABLE VJ.-SIXTH EXPERIMENT, FED ON PAST UR E . SUMMER AND FALL OF 1897 . 
-- -- - -- - - - - -
Lbs . of food Weig't Aver- Lbs . food to 1 Lbs . Value of g a in Heturus for ,;, Weig't when hogs se ll skim milk b.o eaten . Total age lb . gain . Dry digest- Value for whe n hog s 0 
.0 at 
..c: gaiu matt e r ible sell for ~ 
Grain I- Milk 
at per 
Gra in I Milk to lIb . matter 
of 
.... begin-0 rn 
end. gain . hog gain . to lIb . gra in. 3 c". I' ct,. 3 ets . \ 4 ets. 0 ;:.. ning. p'rday gain . per lb . pe r lb . !13 pe r Ih . pe r lb z CI 
Lot I .... 3 104 - 6614 124 342 218 .7 - 30.33 2. 56 2.61 $ - $ 6.54 $ 8.72 $ 6. 5! $ 8.72 
Lot 11. . . 3 104 938 3225 130 480 35() 1.12 2.68 9.21 3.19 2.61 7.03 10.50 14.00 3.47 6.97 
Lot III . . 3 104 1005 - 147 402 255 .81 3.94 - 3.55 2.68 7.54 7.65 10.20 - -
(*1 This was about 40 per cent. whey. 
TABLE VII.-SEVENTH EXPERIMENT, PED IN PENS . SUMMER AND FALL OF 1897 . 
------_ .-
Lbs . offood Weig't Aver- Lbs . food to 1 Lbs . Value of gain Returns for ,;, Weig't Lbs . Value skim milk b.o 
.0 eaten. Total age lb . gain . dry digest - at when hogs 0 at gain ible of 
..c: ~ 
Grain I- Milk 
at 
GraIn I Milk 
matter matter sell for 
.... begin- per to lib . grain 0 rn 
end . gain . hog gain . to lIb. 3 ct •. I' cts. 3 cts. \ 4 eta. 0 ;:.. ning . p'rday gain . fed. per lb. per Ib ~ per lb . per lb . Z 0 
LotI . .. 3 104 - 7416 130 332 202 .65 - 36 .71 3 .10 2.75 $- $ 6.06 $ 8. 08 $ 6.06 $ 8. 08 
LotH ... 3 104 986 3374 130 496 366 1.17 2.69 9 .21 3 .20 2.62 7.39 10.98 14.64 3.59 7.25 
Lot II!.. 3 104 789 - 129 290 161 .51 4.91 - 4.43 3.34 5.91 4.83 6.44 - -
(*) This was 40 per cent. whey. 
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when fed alone on pasture, were practically the same as when 
it was fed with grain. It should not be forgotten, however, 
that the lot fe d on milk and grain gained t\ of a pound more per 
day than the milk fed lot. 
The seventh experiment was practically an exact duplicate 
of the fifth experiment, the hogs being fed similarly and in pens. 
The r esult are also parallel; lot one, fed grain and milk, gained 
as much per day as the other two lots together and required 
les e timated digestible matter for each pound of gain than 
either . 
In this , as in all the experiment of the series fed inside, it 
did not pay to feed grain to hogs and then sell the hog at 3 cents 
per pound live weight; but when s old at 4 cents a good profit 
was obtained. Milk alone, in this tes t, did better than grain 
alone, and took: less dry matter or es timated digestible matter 
for each pound of g ain. However, when calculated into pounds 
of g r ain, the kim milk was worth but little more than half as 
much when fed alone as when fe d in combination with grain 
and r eturned a t 75 cents pe r 100 pounds for th e g rain, but 10 
cents per 100 pounds for the former to 18 cents pe r 100 pounds 
for th e latter method. A point that s hould be noted here is that 
though 40 per cent of the by-product fed was whey , yet the re-
turn for the milk and wh ey wer e fully equal to that from pre-
viou experiments wh en skim milk alone was fed. This does 
not prove that whey is equal in fe eding to s kim milk, but it 
does how that whey is a very valuable by-product when prop-
erly handled. 
P E N vs. PASTURE F E E DING. 
A direct comparison of the essential data of the experiments, 
six and even, presents some valuable facts, as is shown in the 
following table: 
T ABLE VIII. 
-
Lots fed on Lots fed milk Lots fed on 
milk . and g r ain. grain . 
On I In On I In On I In past're pen . past' re pen . past're pen . 
-
Gain per d a y .. . " . . . . .. . 
.... .... .. ... .. . ... . .7 .65 1.12 1.17 .81 .51 
t~s . dr~ matte r to lIb . gain . . . . . . . . . . . . . . 2.56 3.10 3.19 3.20 3. 55 4.43 s. estImated digestibld matter 
to 1 lb . g a in .. .... .. .. .. .. .... .. .. . 2. 61 2.75 2.61 2. 62 2. 68 3.34 
Lbs . dry matter eaten per day . .. .. . . ... . . . 1.79 2.00 3.58 3.78 4.35 2.28 
-
---
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In the first place it will be noted that the lots 
alone and grain alone. when fed on the pasture, gained more 
than the hogs similarly fed in the pen, while the lot fed on milk 
and grain in the pen did slightly better than the lot similarly 
fed on the pasture. The writer was rather surprised at the 
result and has no explanation to offer of this apparent contra-
diction. We expect, however, to repeat this experiment during 
the summer of 1898 to see if additional light will be thrown on 
the matter. It will be noticed, too, that the lots on pasture fed 
milk alone and grain alone required less dry matter or digest-
ible matter to each pound of gain, than did the similarly fed 
lots in the pens, while the lots fed milk and grain required prac-
tically the same dry matter and digestible matter to each pound 
of gain. 
When we com pare the grain fed lots, those fed on the pas-
ture did very much better than the lots fed in the pens. The 
hogs on the pasture gained rtr of a pound more per day and re-
quired only 80 per cent as much dry matter to each pound of 
gain. This subject was referred to before (page 211) and a 
partial explanation given, viz., that the hogs ate more or less 
pasture grass. This table, however, offers another explana 
viz., the hogs ate tw o pounds of dry matter more per day, thus 
they gained more and required less for each pound of gain. 
But why did they eat more 7 A possible explanation is that the 
exercise and perhaps the food gathered from the pasture in-
creased the appetites of the hogs. In Bulletin No. 40, of this 
station (pages 31-35 ) the same advantage of pasture over pen 
feeding is shown, though in those experiments the . amount of 
food eaten per day is but little more on pasture than in the pens, 
but the hogs in the pens required 22 per cent more grain for 
one pound of gain than did those on pasture. This seemed to 
indicate an increased power of digestion as a result of outside 
feeding or exercise. 
Table IX. gives a summary of all the experiments grouped 
according to the way the hogs were fed. The first point to 
note is the much more rapid gains made on milk and grain than 
on either milk or grain alone. 
The results obtained show that to gain one hundred pounds, 
the hogs fed on milk and grain required 79 days, those on grain 
alone required 116 days and those on milk alone 147 days; or, 
to gain 150 pounds, which would make the hogs in this series of 
experiments average close to 200 pounds live weight, the time 
SUMMARY OF ALL EXPERIMENTS. 
TABLE IX. 
Aver- Aver - Aver- Food eaten to Lbs . Lbs. No . of No . of Days age age age lIb . gain . d ry dii\,~t weight weight matter HOW FED. at gain Graln .1 Milk. to matter tests. hogs . fed . begin- at lIb . 101 lb . ning . end . Ibs. gain. gain . 
Milk and g ra in .... .. .... 8 27 133 40 209 169 2.92 7.68 3 .3<l 2.58 
Grain ...... .. . . .... . .. .. . . 5 15 121 63 172 110 4.70 - 4.21 3.19 
Milk . . . . . .. . .. ...... . . . . .. 4 11 108 39 113 74 -- 33.12 2.98 2.85 
100 Ibs. Aver- Average Ibs . 
milk age food eaten 
f ~~~1 Ibs . per day. gain 
per 
Grain . I Milk . gain. day . 
23 .2 1.27 3.73 9 .74 
- .86 4.41 --
H .2 .68 -- 22.28 
Dry Dlti:t -
ma tter 
eate Il matte r 
eat eu per p f' r day . day. 
4.24 3.37 
3.93 3.00 
2.00 1. 91 
b:1 ; 
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required would be 118, 174 and 220 days respectively. It is 
thus apparent that from the s tandpoint of quick returns the 
milk and grain ration would enable a person to turn over two 
crops of hogs to one when the hogs were fed on milk alone. 
Another important fact presented is that the milk and grain 
when fed In combination, gives a much larger return for the 
skim milk than when it was fed alone, 100 pounds of skim milk 
being, in the first instance, equivalent to 23.2 pounds of grain 
and in the secohd to only 14.2 pounds. This, at 75 cents per 
100 pounds for the grain, would give 17 cents and 10 cents re-
spectively per 100 pounds of skim milk. This difference is all 
the more worthy of note when we consider that the milk and 
grain fed lots averaged 209 pounds and the milk fed lots only 
113 pounds live weight at the close of the experiment. The 
table also shows that the milk and grain fed lots ate the most 
per day and gained the most, but required the least dIgestible 
matter to each pound of gain. 
RESULTS AT DIFFERENT PERIODS OF GROWTH. 
The gains that were made by the different lots when fed 
the various rations were so different that it was thought a more 
correct comparison could be made by grouping the results 
according to the weight of the animals. Table · No. X. gives 
the results. 
It will be noticed that of the four lots fed on milk alone, 
none reached a weight sufficient to be considered beyond the 
100 pound group. The grain fed lots extend through all the 
groups, though for the last two but few tests can be considered, 
yet, perhaps, enough to illustrate the points brought out. To 
make this table plainer, it should, perhaps, be noted that the 
double colums headed" food required for one pound of gain," 
and the columns headed " dry matter to one pound of gain" and 
"digestible matter to one pound of gain," are three ways of 
writing the same thing. The first is the actual weIghts of the 
food eaten, the second is the weight of the food deprived of its 
water, and the third is the weight of the food that is estimated 
to be digested or actually used by the animal. ( See page 199.) 
The last two columns in the table are also two ways of writing 
the same thing. . It is probable that the estimated digestible 
matter gives the best basis for a comparison of the various 
methods of feeding, and this factor we will use in a discussion 
of the table. 'l'hose who deSIre to do so, however, may consider 
the actual food required, and if they wish to carry the point fur-
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ther, with a little calculation this column could be figured into 
cents, at any price for grain or skim milk that the reader de-
sired. 
TABLE X. 
ci 
Food re- 'a 
quired for :S 
~ 
lIb. of 
gain. 
GROUP. HOW FED. 
r Milk & grain . 9 31 1.94 8 .29 2.50 2.03 28.4 1.12 I 2.79 2.25 
From ... to 102 t Grain . ... . . .. . 6 16 4.30 - 3.85 2.92 - .80 3.03 2.30 lbs. live weight 
Milk ... . ...... . ~ 11 - 28 .38 2 57 2.« 15 .1 .75 1. 88 1.79 
- -----1-----1-- - -------- - - ------
From102to1fi2' Milk & grain . 10 34 2.97 8 .79 3. 48 2.77 13.6 1.42 4. 93 3.93 
Ibs. liveweight(Grain ..... . .. . 412 4.17 - 3.73 2.83 - 1.18 4.40 3.34 
------1-----·1-- ------ - - -- - - ------
8 273.577.173.813.0428.71.515.744.52 From 153 to 199 ) Milk & grain . 
lbs. live weight ( Grain . .. _... .... 2 6 5.63 - 5.01 3.83 - 1.12 5.65 4.32 
------1---- - 1----- --------- ----
From 200 t o 255 5 Milk & grain. 5 19 4.09 5.90 1.22 3.29 27.8 1.39 5.79 4.51 
Ibs. liveweight(Grain ....... . . 1 2673 - 5.99 4.57 - .97 5.&1 4.44 
The table needs but little comment, but a few directions 
may help towards an appreciation of the facts presented. We 
will first consider the results by groups. The lots fed milk and 
grain made the best gains at all periods of their growth. bu t 
the difference is most marked in the first group up to 100 pounds 
live weight. The grain ration does not seem to be a satisfac-
tory one for young hogs. This may be noted from the gains 
made which were three tenths of a pound less per day than were 
made by the hogs fed on milk and grain, and also by the fact 
that it required more estimated digestible matter to make a 
pound of gain, though there was practically the same amount 
of es timated digestible matter eaten per day. In the next period , 
too, it takes one tenth of a pound less dry matter to make a pound 
of gain than when the hogs were much younger and lighter in 
weight, while the opposite was true with the milk and grain fed 
lots. The hogs fed on milk alone made low gain~, but it was 
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evidently in a large measure due to the fact that they could not 
eat enough dry matter per day, owing to the bulky nature of 
the food. 
With the exception of th e grain fed lot in the first group, it 
will be noted that the hogs which ate the most per day, gained 
the most and required the least dry !patter to make a pound of 
gain. The extra amount eaten, however, would scarcely ac-
count for all the extra gain made. This would seem to indicate 
that the milk in some way aided the hog to digest more of the 
grain. There seems, then, to be two factors which might ex-
plain the extra gain: .first, the food is more palatable and thus 
the hogs eat more; and second, the combined ration seems to 
be more digestible than when tbe grain is fed alone. On this 
latter point tbere is room for furtber investigation. 
The amount of grain which is displaced by feeding 100 
pounds of milk is in line with the previous summary. For the 
period up to 100 pounds live weight of hog, skim milk fed with 
grain, returns nearly twice as much as when fed alone. It 
seems also to be a very valuable adjunct, even when fed to hogs 
of from 150 to 200 pounds live weight, taking the place of prac-
tically the same amount of grain as when fed to hogs only 100 
pounds in weight. 
Another point worthy of attention is tbe extra amount of 
food required to make a pound of gain as the hogs increase in 
live weight. The hogs fed on milk and grain required 2.03 
pounds of digestible matter to make a pound of gain up to an 
average weight of 100 pounds, but required 3.29 pounds when 
tbey weighed from 200 to 255 pounds, or 62 per cent more. If 
we consider the grain required to make a pound of gain, for the 
lots fed on grain, we find that up to an average weight of 100 
pounds it took 4.3 pounds of grain, whereas it took 6.73 pounds 
grain to one pound of gain in live weight when the hogs weighed 
from 200 to 255 pounds each, or 56 per cent more feed. If we put 
this latter proposition in cents, at 75 cents per one hundred 
pounds for grain, we find tbat it costs 3.2 cents to grow a pound 
of gain up to 100 pounds live weight, while it costs 5 cents to 
grow a pound of gain when the hogs weigh from 200 to 255 
pounds each. 
Of course, if grain was wortb only 50 cents per 100 pounds, 
as is sometimes the cas e, t1en the cost becomes 2.1 cents and 
3.3 cents respectively. 'For any other price for grain the cost 
may be eas ily calculated by the feeder. The cost for each 
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pound of gain for the lots fed milk and grain is noticeably less, 
being 1.4 cents for each pound of gain up to 100 pounds live 
weight and 3 cents for each pound of gain between 200 and 250 
pounds live weight, plus practically one gallon of skim milk in 
each case. 
Figures 1, 2, 3 and 4, show graphically the facts given in 
'l'able X., and the above comment will apply to them. 
The above is still further illustrated from the following 
table in which all the experiments, however fed, are grouped 
together according to weight. 
TABLE XL - FOOD REQUIRED TO 1 POUND OF GAIN; AVERAGE OF ALL 
EXPERIMENTS. 
No. of Aver- Aver- Aver- Dry Aver- Lbs. No. of No. of age age matter age dry 
days weight wei/!ht 
age gain matter 
GROUP. at · Ibs. to lIb . per eaten 
tests. hogs. beg-in- at day. fed . end. per ning. gain. gain. Ib!'. day . 
From 43 to 102 Ibs .. 19 59 67.6 43 .5 102.4 56 .8 2.95 .94 2.67 
From 102 to 1511bs . 17 54 39 .7 102.4 151.6 48.8 3.59 1.28 4.56 
From 151 to 19 lbs . 13 43 34. 151.8 198.0 46.4 3.97 1.46 5.65 
From 198 to 246 Ibs . 6 21 37 . 201. 246 .0 45. ' .51 1.32 5.79 
If the dry matter required for one pound of gain, on hogs 
weighing from 43 to 102 pounds live weight be called 100, then that 
required for hogs from 102 to 150 pounds live weight becomes 
121, from 150 to 200 pounds 134; and when the hogs weigh 
from 200 to 250 pounds, it becomes 153, or the cost of each 
pound of gain for the largest hogs is 53 per cent greater than 
for the s mallest. It is clear, from the above facts, that it does 
not pay to grow the large hog. The quicker the hog is sold 
after he weighs 175 to 200 pounds and is in good condition, the 
more money there is in handling him. These experiments 
teach that milk and grain in combination is one of the best pos-
sible rations for bringing the hog quickly to the marketing con-
dition. It has been noted all through the series of experiments 
that the hogs fed on milk and grain were in every way the most 
thrifty, kept the fattest and seemed ready for sale at almost 
any time. Those hogs, too, were the healthiest of all the hogs 
fed and not one instance was noted of them being off their feed. 
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FINANCIAL RESULTS. 
'fABLE XII. - RETURNS FOR KIM M[LK AND GRAIN. AVERAGE OF ALL 
EXPERIMEN rs. 
Average of 
grain fed .. 
AvercJgeof 
milk fed ... 
Ave. of milk 
and grain fed 
Value Valuea~f gai 
of 
Returlls for Returns p'rlOO 
skim milk lbs. for skim 
when hogs milk when 
sell for ho .£s sell for 
. 3 cts . 4 cts . .~ t • t 3 t • t 3 graIn. per lb . per lb . .., c s. .. c s. c S. 't C S. cIs. 
per lb . per lb. per lb . per lb. per lb. 
$56.30 47 .25 $ 63 .00 $ - 650c 
23.71 31.62 23.71 31.62 9.3c. 12 .1c . 
104.01 138 .39 184.52 34.38 8052 10 .2c. 22.8c. 
While not strictly the correct way to calculate it, yet an ex-
amination ·of the above table which shows the returns for skim 
milk, obtained by deducting the price of the grain from the 
value of the gain, presents some interesting facts. The aver_ 
ages given are the average of the seven experiments, as reported 
in the first part ot this bulletin. When hogs sell at 3 cents 
pound live weight there is but 1 cent difference in the valu 
the skim milk, whether fed alone or with grain, but the d· 
ence is in favor of the grain and milk fed hogs. From 
standpoint, therefore, it would appear that when hogs are ch 
and grain is dear, it may pay to feed a large proportion of 
milk and just enough grain to keep the hogs healthy. If th 
opposite is the case, however, with hogs at 4 cents per pound 
and grain at ! of a cent a pound the returns for skim milk by 
feeding it with grain are 90 per cent grea~er than when fed 
alone. 
We will now compare these results with those given in Table 
IX. from which we deduce the following calculations. 
TABLE XIII.-VALUE OF 100 LBS. OF MILK, AT V.-\RIOUS PRICES FOR GRAIN. 
100 lbs . Value of skim milk Der 100 Ibs. when grain is worth of 
skim the following prices per 100 Ibs. 
milk 
elbl!~l 
ro 1 " 1 60 1 10 1 80 1 90 luoo grain. cen·s . cents. cents. cents . cents. cents. . 
cents. cellts. cents. cellts. cents. cents. cents. 
27 hogs fed milk and grain 23.2 9. 3 11.5 13.9 16.2 1 .6 20.9 23.2 
11 hogs fed milk ........... 14.2 5.7 7.1 .5 9 .9 11.4 12. 8 14.2 
The values in this table are calculated from the amount of 
grain displaced by 100 pounds of milk and shows that 63 per 
cent more was obtained for the skim milk when fed with grain 
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than when fed alone. In this table is also given a calculation 
showing the approximate value of skim milk per hundred 
pounds when grain is worth the prices indicated. 
From Table XII it would appear that to feed hogs on grain 
alone, worth 75 cents per hundred pounds, and then sell the 
hogs at 3 cents per pound live weight. is a losing proposition, 
unless the hogs are purchased cheap to beg-in with. The gain 
of the 15 hogs fed on grain alone, in this series of experiments, 
when valued at 3 cents per pound live weight, returned but 65 
cents per hundred pounds for the grain. With the gain at 4 
cents per pound, however, the returns per hundred pounds for 
the grain was 87.2 cents. 
COMP AHA 'rIVE EXPERIMENTS. 
It is not in anywise claimed that the facts in regard to the 
relation of food, weight and gain of the hogs, as given in this 
series of experiments are new, as perhaps all experiments that 
have been conducted in feeding hogs show the same facts. It 
is so frequently disregarded, however, that the necessity for 
calling attention to it is in nowise lessened. 
Prof. "V. A. Henry, of the Wisconsin Experiment Station, 
calls attention to the same fact in the following table, condensed 
from a large number of station reports and bulletins in th is 
country.* 
TABLE SHOWING THE RELATION OF FOOD, WEIGHT AND 
GAIN OF HOGS. 
Weight of Average Lbs . food Average Lbs. food 
hogs . lbs. food eaten to gain per required 
eaten per lOOlbs.live for 100 lbs. 
lhs . day. weight. day. Lbs gain. 
15 to 50 ..... . . 2. 23 5.95 .76 293 
50 to 100 .. . . . 3. 35 4.32 .83 400 
100 to 150 . ... . 4.79 3.75 1.10 4:37 
150 to 200 . . ... 5.91 3.43 1.24 482 
200 to 250. 6.57 2.91 1.33 498 
250 to 300 ... . 7.40 2.74 1.46 511 
300 to 350 ..... 7.50 2.35 1.40 535 
It will be noted that as the hogs increase in live weight the 
amount of food eaten per day increases, but the amount eaten 
?er 100 pounds live weight decreases. The gain per day also 
lDcreases as the hogs increase in live weight, and so does the 
• See Feeds and Feeding by Prof. W. A. Henry, page 551. 
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amount of food required to each pound of gain. The table 
shows that it takes nearly twice as much food to make a pound 
of gain on a hog weighing from 300 to 350 pounds as on one 
weighing 15 to 50 pounds. 
SUP PLEMENT ARY EXP E RIMENTS. 
In ex periments four, five, s ix and seven the feed had to be 
changed befor e the experiment closed, and as the results on the 
changed feed were not figured in the r esults previously given, 
they are here presented as supplementary tests . A summary 
of these test s will alone be given. They bring out prominently 
the following facts. 
(1 ) The economy of feeding milk and grain in combina-
tion as contrasted to milk alone. 
(2) The results of a change of feed on the appetite and 
gain of the hogs. 
(3) The effect of an enormous appetite upon the rapidity 
and economy of the gains . 
T ABLE XIV.-SUPPLE MENTARY EX P ERI MENTS, COMP ARE D WITH PREVIOUS 
ONES, TO SHOW THE EFF ECT OF A CHANGE OF FOOD . 
Aver- Lbs . 100 Ibs . Aver-H ow fed in How fed i n No. of Da ys Aver- dry skim Ave~- age age age age Ibs.dr)' weight matter milk previous ex- supplement' y 
a t weight e a t en efb!~l gain matter hogs . fed . begin- at t o lib . per eaten perimellts. experime nt . 
ning. end . g a in . gra in . day. f::. 
Milk and 
grain .. . . 1m and. { 9 17 173 208 2.82 2.28 6.13 Milk .. .... , .. 9 27 110 165 2.90 2.02 5.77 
Grain ....... 
J graIn 
3 25 163 196 3.37 1. 32 4.45 
----------------
Average . .. . 21 23 147 190 3.03 26 .3 1.87 5.45 
- - - - - - - -Milk and 
grain .... 
}Gra;n .. . { 
2 19 174 194 4.74 1.03 4. 83 
Milk . . .. . . . .. 2 19 128 151 4. 71 1. 21 5.71 
Gra in ....... 7 15 111 135 3. 28 1.(7 4.67 
--------------- -
Average ... 11 18 138 160 4.24 1. 24 5.07 
- - - -
1-
- - -Milk and 
grain . .. . } Average { 27 133 40 209 334 23.2 1.27 4.24 
Milk .... ..... o~ all pre- II 108 39 113 2.98 14.2 .68 2.00 VIOUS ex-
Grain . .. .. . . p eriments l 15 121 63 172 4. 21 - .86 3.93 
-
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This table furnishes a further illustration of facts that 
have been previously referred to, viz., that the milk and grain 
fed hogs ate the most, gained the most, and required the least 
dry matter to each pound of increase in live weight, or in other 
words they made the most economic gains. . 
An examination of the effect of a change of ration brings 
out some valuable facts. A change from a milk ration to one of 
milk and grain makes but a slight change in the amount of dry 
matter req uired to make one pound of gain, but the food eaten 
per day nearly multiplies itself by three (2 pounds dry matter 
becomes 5.77 pounds) while the gain per day does the same 
(.68 pounds gain becomes 2.02 pounds). A change from milk 
to grain alone shows an increase in the amount of food eaten 
per day, and in the daily gain ( the dry matter eaten per day in-
creases from 2 pounds to 5.71 pounds, and the daily gain from 
.68 pounds to 1.21 pounds), but the am<.>unt of dry matter re-
quired for each pound of gain is very much increased ( from 
2.98 to 4.71 pounds. ) It thus falls much behind the result of 
the change to milk and grain from an economic tandpoint. 
A change from a grain ration to one of milk and grain gives 
a larger daily consumption and an increased daily gain, with a 
decrease in the amount of dry matter to make a pound of gain. 
In this it comes close to the average results for the milk and 
grain fed lot of previous experiments, but comes very much be-
hind the lots fed milk and grain in the supplementary experi-
ments. The opposite change to that reported above, viz., from 
milk and grain to grain alone, gave the lowest increase in live 
weight per day, and they required the largest amount of dry 
matter to each pound of gain. 
. The milk and grain ration and the grain ration, when con-
tInued, show much greater gains than in the previous part of 
~he experiment. A comparison of the two rations, however, 
Illustrates the much greater economy of the milk and grain 
ration. 
If this supplementary experiment is compared with the 
p.re~ious series as appended to the table, or with Table X, where 
SimIlar data is given for hogs of the same weight and similarly 
fed, iF will be noted that during this experiment the hogs ate 
more per day, or had larger appetites. 
The results were that the animals gained more per day and 
r~~uired less dry matter for each pound of gain. The palata-
bilIty of a ration, or the appetite of the animal (and the latter 
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probably in a large meas ure depends upon the former) a.1J 1J\;G.1. I 
therefore, to play an important part in the rapidity and e 
of the gains. 
Another remarkable fact is that in spite of the difference 
the amou~t eaten and the uncertain elements that may 
from a change of feed, the skim milk is shown to have nr''!lI~1~~ .. ..: 
ally the same value as is given . for the previous part of 
experiment. 
A point not brought out in the above summary, ( 
XIV. ) yet shown in a study of the individual experi 
was, that when the hogs fed on milk and grain ate a very 
quantity of feed per day, it required slightly more dry ma.tte~~ 
to each pound of gain than when less was eaten. There 
only one illustration of this, and as it wa in the supplem~~ll1car~ 
test with experiments s ix and seven, the data are here 
T A BL I!: xv. 
-ti Aver- Aver- Dry 
q) age Gain Where .... weig-ht w fed . Ul at per 
i» begin- at d a y . to lIb . el end . ~ nlllg . gain. 
Supplernen- ~ On pasture . 160 191 2.44 2.31 
tary exper. In pens . . .. . 165 203 2.92 2.51 
Previous ~ On pa sture . 43 160 1.12 3.19 
part of ex-
perirneut. [n pens . . . . . 43 165 1.17 3.20 3 .7 
The lot fed on pasture, as in the previous part 
periment with these hogs , gained the leas t per day beca 
they ate the least. They seem, however, to have made sligh 
better use of their food, r equiring less to each pound of gai 
It seemed in this instance that even with the enormous . 
ti ve and assimilative powers possessed by the hog there is 
a limit to the amount of food that h e can profitably use per day. 
E ven with the larger ration, however, though slightly behind 
the smaller one in point of economy, it is very much supe-
rior to the previous part of the experiment, when the hogs were 
very much younger. A comparison of Table XV. with that on 
page 215, illustrates at once the advantage of a large appetite in 
the rapidity and economy of the gains. In the supplementary 
test, although the hogs were older, and would, as a rule, eat 
more per day, yet these hogs ate so very much more that they 
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gained more than twice as much per day and required from 
.7 to .9 pounds of dry matter less for each pound of gain. This 
is certainly remarkable, and forcibly illustrates the advantage 
of encouraging the appetite of the hogs if rapid and economic 
gains are desired. 
THE VALUE OF SKIM MILK. 
A large number of experiments have been made to test the 
value of skim milk as a food' for hogs, and a few are selected 
from widely separated parts of the country, with which to com-
pare our results . The experiments have, in some cases, been 
recalculated or rearranged. 
Probably the most extensive experiments that have been 
conducted in this country on the value of skim milk as a food 
for hogs are those conducted by the Wisconsin Experiment 
Station. The following table has been rearranged from the 
Wisconsin reports. 
Lbs. of food to Dry lOO lbs . 
110 . gain . 
matter 
skim 
How fed . milk 
Grain.1 Milk. to lIb . equal 
Remarks. 
Ibs. 
gain. grain. 
• Milk and gra in . .. . . 3.21 5.85 3.45 21.6 Average of all experiments. 
t Milk alone ...... .... 18.77 1.80 27.0 Young hogs from 66 to 100 Ibs. 
* Grain alone . . . " . .. . 5. 06 4.55 Average of all experiments. 
* 12th Annual Report Wisconsin Experiment Station, page 20. (See note. ) 
t 10th Annual Report Wisconsin Experiment Station, page 47. 
. In this table, as in the experiments of this Station reported 
In this bulletin, the hogs when fed milk and grain required 
much less dry matter to make a pound of gain than the hogs fed 
on grain alone. It will be noted, too, that the hogs fed on milk 
alone were quite young, but they seemed to have done better 
than with us, and contrary to our experiments the milk when 
fe~ alone displaced more gra£n than when f ed £n comb£naiz"on 
wlth grain. 
NUTE- Prof. Henry of the Wisconsin Experiment Station 12th Annual RepOlt, p~: the matter thus: "The average of all trials shows that when feeding skim milk 
:'Ik Corn meal 462 pounds of milk effected a saving of 100 pounds of meal." (4.621bs. 
Stl . equal 1 lb. meal.) "In Fjord's experiments (10th Report Copenhagen Exper. 
atlOn) 6lbs. of milk were found to equal 1 pound of meal. " 
tl Our experiments are practically the same as those from Wisconsin, thoug-h a lit-
e more favorable to the milk, viz.: 4.31 pounds of milk saves one pound of gruiu. 
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A remarkable point in all these experiments is the 
ness of results when we compare the value of the skim milk 
terms of grain. 
The average of our first series of experiments shows that 
100 pounds milk equal 23.2 pounds grain. 
The average of the supplementary experiments shows 
that 100 pounds milk equal 26.3 pounds grain. 
The average of all Wiscons in experiments shows that 100 
pounds milk equal 21.6 pounds grain. 
In Wis consin experiments when no more than 3 pounds of 
milk were fed to one pound of grain, the results show that 100 
pounds of milk equal 31.6 pounds grain. 
Bulletin No. 40, from the Colorado E xperiment Station, re-
ports some interesting experim ents in hog feeding .from which 
the following table has been compiled. 
Food ea t e n Lbs . li'ood to 1 lb . Dry matter 
per day . g ain g a in . eaten per 
'" How fed. Weight of hogs . 
Grain . I Milk. per day. G rain. Milk . Da y . 
Milk and grain Average 2.4 5 0 . 9 2. 7 5.7 • 2.64 298 
Grain alone .. 
weight of 
hogs 90 lbs . 2.1 .42 6.4 1. 89 5.76 
* The grain fed consisted of corn , b ald barley and common barley fed whole 
ground. 
This table shows practically the same conclusions as dra 
from our own experiments, though the results are more de-
cidedly favorable to the milk and grain ration. According to 
the table the hogs fed on milk and grain gained more than twice 
as much per day and required but little more than one half as 
much dry matter to each pound of gain as did the hogs fed on: 
grain alone. It will b e noted, however, that the hogs fed on 
milk and grain ate the mos t dry matter per day, yet this alone 
will scarcely explain why the hogs fed on grain alone required 
so much more dry matter for each pound of gain. It evidently 
teaches, as referred to before, that hogs of the weight given 
cannot readily digest a ration composed of grain alone. For 
this reason the experiment seems to place an abnormal value 
on skim milk when calculated into terms of grain. 
The following table gives the results of the Wisconsin and 
Colorado experiment~, togeth er with similar facts as reported 
in Bulletin No. 11 from New Hampshire E xperiment Station, 
as compared with the r esults from this Station. 
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The following table shows the dry matter required for one 
pound of gain ~hen hogs are fed a ration of grain and milk, or 
grain alone, or milk alone, as reported from different stations. 
Dry mat- Dry mat· Dry mat-terrequir- tar requir- ter requir-Station ed to lIb . 
Reporting. gain when ed to lIb. ed to lIb. gain when gain when fed milk fed grain . fed milk. and grain. 
Pounds . Pounds . Pounds . 
Wisconsin .. ... . ..... . 3.45 4. 55 1.80 
Colorado ... .. ... . .. . . 2.98 5.76 -
New Hampshire . .... . * 2.31 * 3.34 -
~ 3.34 4.21 2.98 Utah ... ....•.... ... . * 2.58 * 3.19 * 2.85 
* Digestible matter . 
The close agreement of all those experiments, reported 
from widely separated experiment stations, is certainly re-
markable, and shows conclusively the great value of skim 
milk when fed in combination with grain, as contrasted to feed-
ing grain alone. In comparing the milk fed hogs with the others 
it should be noted that in no case did the hogs so fed reach a 
greater weight than 100 pounds, while in the other columns are 
illcluded many hogs weighing upwards of 200 pounds and 
some nearly 300 pounds in live weight. 
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SUMMARY. 
(1) Skim milk when fed in combination with grain makes 
a very valuable food for hogs at all periods of their growth, but 
particularly so during the earlier periods. 
(2) Skim milk and grain in combination make a much 
more economic ration for hogs than either milk alone or grain 
alone. The milk a~d grain fed lots required 2.58 pounds of 
digestible matter, the milk fed lots 2.85 pounds and the grain 
fed lots 3.19 pounds to make one pound of gain in live weight. 
(See also pages 215,217 and 224 ). 
(3) When fed in combination with grain, skim milk has 
63 per cent greater feeding value than it h~s when fed alone, 
100 pounds of skim milk taking the place of 23.2 pounds of grain 
in the former case and 14.2 pounds in the latter. (See also 
pages 224 and 227 ). 
(4) The hogs fed on the milk and grain ration made much 
more rapid gains than either those fed on milk alone or grain 
alone. The time required to make 100 pound of gain was 79 
days for the hogs fed on milk and grain, 116 days for those fed 
on grain alone and 147 days when the food was milk alone. 
(5) When the skim milk and grain were fed in the propor-
tion of 3 pounds or less of skim milk to one pound of grain, the 
return for the skim milk was greater than when a larger pro-
portion was fed. When fed in the proportion of 2 pounds of 
skim milk to one pound of grain, 100 pounds of milk took the 
place of 31 pounds of grain, but when fed in the proportion 
of 4 pounds of skim milk to 1 pound of grain, only 24 pounds 
were displaced. ( See also page 204 ) . 
(6) Hogs fed on milk alone gained very slowly and did not 
keep in good health; in some cases they were off their feed so 
frequently that a change of feed had to be made. The milk and 
graIn fed hogs, however, without exception, kept in good health. 
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(7) Young hogs fed on grain alone did not do well and ap-
peared to make poor use of the food they ate. The hogs on 
this ration required 2.92 pounds of digestible matter to make 
one pound of gain at an average weight of 73 pounds, and only 
2.83 pound when they weighed 127 pounds. When the food 
was changed to milk and grain a marked improvement was ef-
fected in their growth and thriftiness. (See pages 207, 217 
and 228 ) . 
(8) Those hogs fed on milk alone or grain 'alone when on 
pasture, did much better than hogs similarly fed in small pens. 
The milk fed lot, on pasture, gained .05 pounds more per day 
and required .54 pounds less dry matter to one pound of gain 
than did the lot fed in pens, and the grain fed lot, on pasture, 
gained .3 pounds more per day and required .88 pounds less 
of dry matter to each pound of gain. On the other hand, how-
ever, the hogs fed milk and grain in combination did better in 
the pens, gaining .OS pounds more per day than did those on 
pasture and required practically the same amount of food to 
make a pound of gain. 
(9) The appetite of the hogs and the palatability of the 
food seemed to have a very beneficial effect upon the rapidity 
and economy of the gain. The milk and grain fed hogs ate .37 
pounds more digestible matter per day than those fed on grain 
. alone, and 1.46 pounds more than those fed on milk alone. 
They gained .41 pounds per day more than the hogs fed grain 
alone and .59 pounds more than those fed milk alone. They 
also required .51 pounds less digestible matter for each pound 
of gain than did the hogs fed grain alone and .27 pounds less 
than the hogs fed milk alone. 
(10) Young hogs are in every way the more economic pro-
ducers of pork. The hogs fed milk and grain required 62 per 
cent more to grow a pound of live weight when they weighed 
from 200 to 255 pounds, than they did when they weighed from 
~8 to 100 pounds, and for those hogs fed on grain alone the dif-
ference in favor of the smaller weig-ht was 56 per cent, 
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(b) EXPERIMENTS IN CALF FEEDING. 
INTRODUCTION. 
The experiments in feeding calves were started during the 
summer of 1894. From observations made, it appeared to be 
the common practice of the farmers of the the State to allow 
the calves to run with the cows for varying periods of time. 
Sometimes the calf got all the milk the cow gave and sometinies 
only a part of it, and that part might be the first or the last ac-
cording to tne convenience of the owner, as many people appear 
to be oblivious to the variations in milk as recorded in the last 
(Eighth ) Annual Report of this station. It occurred to the 
writer that this method was not conducive to the best results 
from the economic point of view. 
To get some definite facts along this line, a series of experi-
ments was undertaken, first in vealing calves and second in 
raising heifer calves. As skim milk has formed the basis of all 
the rations fed in these experiments, it was thought best to 
place the facts obtained in conjunction with those obtained from 
the experiments in pig feeding. The aim also was to show 
from the results how to use the skim milk so as to obt.ain the 
largest return. 
The te ts were made with individual calves, but, as during 
the whole time sixteen calves were used and the experiments 
have extended over a period of four years, the results may not 
be far from the average, more especially as there has been but 
little variation in ttie individuals. The experiments were divi-
ded into two series, one dealing with vealing calves which were 
sold at from five to seven weeks old and the other with the rais-
ing of heifer calves for our dairy herd. ' . . 
238 BULLETIN NO. 57. 
The only comparisons made with different feeds were 
with skim milk and whole milk, and for the time this was 
the skim milk was merely ubstituted for a portion of the whole 
milk. The results, therefore, can only be calculated on the 
basis of the returns receive d for the calves when sold or on an 
estimated value of the calves at the end of any period of the ex-
periment. It will be noted, however, that no value is placed 
upon the original weight of the calf; it is placed on the gain in 
live weight only. The calves that were vealed were sold for 
from 4t cents to 5t cents per pound dressed weight. 
at present are considerably above this. 
OUTLINE . 
In all the tests the calves were fed separately in stalls, and 
the averages given are the results of the same number ~f trials 
as there were calves. 
During the series of experiments no tests were made of 
methods of feeding, the object being rather to note the effect 
of the method outlined below, on the growth and thriftiness of 
the calves. The cal yes were, in every case, separated from 
the cow by the time they were twelve hours old. For the first 
seven or ten days the calves were fed the whole milk from the 
cow; some of the calves being fed twice and some three times a 
day. The milk was fed warm from the cow and the amount 
given was about 16 to 18 pounds per day. It may be asked, 
why not let the calf help itself for the first seven or ten days? 
The experiment gives no answer, but past experience had 
demonsh"ated that by the method followed, both the cow and 
the calf gave much less trouble. When the calves were fed on 
whole milk it v\Tas gradually increased as they got older, till 
20 to 22 pounds were fed per day at a month old, when the 
calves were disposed of. 
Those calves which received skim milk were fed as follows: 
F or the first 7 to 10 days of its life the calf got the whole milk 
from the cow, then skim milk was gradually substituted till at 
the end of one week or when calve::; were 14 to 17 days old, the 
calf got half skim milk and half whole milk. At the end of the 
next week the ration was three fourths skim milk and one 
fourth whole milk, and at the end of another week or by the 
time the calf was four to five and a half weeks old the ration 
consisted of all skim milk. If, however, the calf was not doing 
as well as we would like, a little whole milk was continued for 
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another week or two. The amount of skim milk was gradually 
increased as the calf got older, but the most fed in anyone day 
was from 25 to 27 pounds. The skim milk ration was kept up 
till the calf was 5 to 6 months old, but as they increased in age 
they had what water they could drink in addition to the milk. 
We have found it to be of the utmost importance to make all 
changes of feed gradually so as not to disturb the digestion of 
the young calf. 
Separator skim milk was used and in every instance it was 
fed fresh. To prevent the milk from souring it was boiled by 
having steam turned into it (which diluted it about 8 per cent) 
and then it was cooled to about 60° F in summer and to about 
40° F in winter. When treated in this way the milk would 
keep fresh for about three or four days in summer and about a 
week during the winter. 
The skim milk given to the young calves was always fed 
warm, from 80 0 to 100° F. The cold milk we learned from a 
little experience, generally produced indigestion~with the re-
sulting scours. The milk, however, should not be hot. OUI" 
method of warming the milk was by the use of a lamp stove, 
only a few minutes being required to heat a pailful of milk. 
As soon as the calves would eat it, a little grain was given to 
them. Chopped grain was used and it was fed dry in a box, 
and not put into the milk. No tests were made of the value of 
the different kinds of grain though quite a variety of grains was 
fed; wheat and bran, barley and bran, barley, pease and bran, 
corn and bran, and corn. No particular difference was noted 
in the efficiency of either. The calves usually started to eat 
a little grain when from three to five weeks of age. If, when 
first given to them, they did not eat the grain up clean, it was 
always renewed in two or three days. The cows or hogs never 
refused what the calves left. 
After the "calves were two or three weeks old a little hay, 
as a rule lucern, was kept before them a"nd renewed frequently; 
they soon learned to eat it. 
By following the method aboved outlined, feeding the milk 
warm, and not in too large quantities, and making all changes 
of food gradually, we have managed to keep the calves in good 
health, and have been troubled but little with scours, which re-
sult from indigestion. The few cases that we have had yielded 
readily to treatment. A small handfull of flour stirred in the 
milk we have found excellent as a corrective, or better still, a 
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couple of teaspoonfuls of rennet extract in the milk for a few 
days. Our experience teaches that indigestion is something 
that must not be neglected, or the calf may be permanently 
injured. 
The object of the method of feeding above outlined, was 
first to reduce the cost of raising the calf, as compared with 
whole milk, and in the second place we desired to develop our 
heifers into good dairy cows . For the latter purpose we aimed 
to give bulky foods which would develop the digestive organs, 
yet at the same time keep the calf growing and thrifty. That 
we attained the latter point every person who has seen the 
calves acknowledges. Their growing and thrifty appearance 
has been very gratifying to ourselves and a surprise to many of 
our visitors. 
The calves were weighed once a week during the time of 
the experiment. The food was weighed at each time fed, and 
any hay or grain not eaten was weighed back. All weighings 
made were recorded at once, on a record sheet prepared for 
that purpose, and at the end of the month transferred to the 
Station record book. 
As it was not desirable. to make the table too long there has 
been c~ndensed in table 1. the averages for the three lots of 
calves. The table is largely self explanatory yet a little com-
ment may not be out of place. Under the heading "whole milk" 
are given the weight of the milk and also the amount of butter ... 
fat contained therein. Also, under the heading "pounds of food 
to onepound of gain" the fat given is the amount contained in the 
whole milk. 
The gain per day considering the size 0'£ the animals is 
certainly remarkable; from 1.44 to 2.10 pounds, but yet more 
remarkable is the amount of dry matter required to make one 
pound of gain, viz.: 1.25 to 1.31 lbs. The calves fed on whole 
milk required only 9.5 pounds of milk to make one poun.d of 
gain, while those fed partly on skim milk required 12' pounds of 
milk,30% of which was whole milk, to each pound of gain. It 
would seem, therefore, that the milk was almost completely 
digested and that quite a large proportion ·of the ration was 
available for body growth. The above results are very close to 
those reported from Germany* and are below those reported 
from Iowa, t perhaps because we fed younger calves. The calves 
. ·See Manual of Cattle Feeding by Armsby page 442. 
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fed on whole milk made the best gains, 2.1 pounds per day to 
1. 77 and 1.44 pounds per day for those fed on the part skim 
milk ration. When we consider the amount of dry matter to 
make a pound of gain, however, the part skim milk ration 
appears to be equally as good as the whole milk. This is the 
more suprising when we cons ider, that the calves fed on whole 
milk ate .8 of a pound of fat per day to .22 lbs eaten by the 
calves fed skim milk, as fat is usually reckoned to have much 
greater feeding value than any of the other ingredients of the 
milk. 
The value of the whole milk has been given in two ways: 
first, the returns obtained by selling the increase in live weight 
of the calf at 3 or 4 cents per pound, which gives us 31.3 cents 
and 41.4 cents per hundred pounds, according to the value of 
the increase. The second method was to determine the value 
ot the butter fat in the milk at an average market price, 16 
cents per pound, which gives $4.20 as the value of the butter 
fat eaten by each calf. This would mean a loss of $2.08 if the 
gain in live weight were sold at 3 cents per pound and of $1.38 
if sold for 4 cents. In this of course the original weight ~f 
the calf is not considered. It would appear, therefore, to be 
rather a losing proposition to raise calves on whole milk alone, 
if a market could be found for it at 16 cents per pound f~r the 
butter fat contained therein. 
We will consider next those calves which received skim 
milk as a large portion of their ration. The value of the skim milk 
was determined by deducting the value of the whole milk (at 
16 cents per pound for the butter fat contained therein), from 
the value of the gain in live weight, the result being taken as 
the value of the skim milk fed. As may be seen by the table 
this gives a return of from 8 cents to 20 cents per hundred 
pounds for the skim milk according to the value put upon the 
gain in live weight, certainly a very satisfactory showing. 
Eight of the calves were sold as veal and a report of the 
dressed weight and condition of the carcas~es was obtained. No 
difference was made in the price of the calves, whichever way 
fed, yet those calves fed on whole milk showed more fat on the 
carcass than those which received a large portion of skim milk 
in their ration. The percentage of dressed meat to live weight 
was also greater for the whole milk fed calves, viz., 65 per cent 
as compared with 58.3 per cent for the skim milk fed. 
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The following table (No. II) gives a comparison of the 
amount of milk and dry matter required for one pound of gain, 
when fed to calves and pigs . 
TABLE II. 
Calves fed whole milk ....... . . .. . .. ........ . 
Calves fed skim milk 
Heifer calves fed skim ( Lot 1 . ... . . .. . . . 
milk, grain and hay. 5 Lot 2 . .. . ... ... .. . 
Pigs fed milk and grain .. .. . . ...... .... .. .. . 
Pigs fed skim milk . . .. .. .. . .. . .. .. . .. ... . 
Dry matter to Pounds milk to 1 lbs. gain 
1 lb. gain. Whole milk. Skim milk. 
1.26 
1.28 
2.75 
4.61 
3.34 
2.98 
9.5 
3.5 8.5 
20 .26* 
33.12 
*Calculated on the assumption that :\3.2 lbs. of grain equal 100 lbs. of milk and that 
4.7 pound of grain are required for each pound of gaiu in live weight of hogs. (See 
Table IX. in pig feeding experiments . ) 
This table, rearranged from table IX in the pig feeding ex-
periment and table I in the calf feeding experiment, shows that 
young calves require less milk and much less dry matter to 
each pound of gain than do hogs. The butter fat contained in 
the milk fed to the calves, however, adds very much to the cost 
of the ration fed them. 
When the calves reach an age of five and six months they 
require more dry matter to each pound of gain than do the hogs: 
but the major portion of the food is hay. 
The averages given in table III were obtained from a con-
tinuation of the experiment with the heifer calves. During the 
two periods the calves received skim milk, hay and grain, the 
skim milk fed averaged about twenty pounds per day, given in 
two feeds. For the first period the grain averaged about .% 
pound per day for each animal and the hay It pounds, while 
for the second period the grain averaged nearly one pound a 
day for each animal, and the hay four pounds a day. The first 
average given in the table is for 62 days or up to the time when 
the calves were 105 days old, (3t months) , while the second 
average is for 79 days or up to the time when the calves were 
183 days old (six months). 
The gain per day for the calves was practically the same 
for each period, but the dry matter for each pound of gain in-
creases rapidly a the calf gets older. Bv referring to table I 
it will be noticed that a calf up to the time it was 43 days 
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old required but 1.31 pounds of dry matter to each pound of 
gain. For the next period or up to the time the calves were 
104 days old 2.75 pounds of dry matter was required for each 
pound of gain, and for the third period on up to the time the 
calves were s ix months old, 4.61 pounds of dry matter were re-
quired. This illus trates forcibly the economy of feeding gen-
erously the young animal. According to bulletin 54 of this 
station, which gives a report of feeding experiments with 
steers, it r equired about 11.78 pounds of dry matter for each 
pound of gain made on animals weighing from 860 to 940 
pounds and between two and three years old. The above points 
are further illus trated by Figure 5. 
RE TURNS FOR SKIM MILK. 
The value of the skim milk was calculated by deducting 
the value of the grain and hay fed from the value of the gain. 
For this tes t the hay was valued at $4.00 per ton, and the grain 
at 75 cents per hundred pounds. Figured in the above manner 
the returns for skim milk were 17 to 20 cents per hundred 
pounds in the first period, and 13 to 20 cents in the second 
period, according to the value placed upon the gain in live 
weight. E ven the smaller figures, 17 and 13 cents, show a very 
creditable return for the skim milk fed to the calves. 
If we will now compare the above with the returns obtained 
from feeding skim milk to hogs, and calculated in the same 
way and at tb~ same price per pound for the gain, we get the 
following: 
Value when Gain SeUI! for 
3 cts. per lb. 4 cts. per lb. 
Returns for 100 pounds skim milk ",hen fed to Bogs ..... . . 10.2 cts. 22.8 cts. 
Returns for 100 pounds skim milk when fed to Calves . . . .. 13 to 17 cts . 20 to 24 cts. 
Thes e figures indicate that calves will return practically 
as much for skim milk as will hogs, even under tbe best con-
ditions. 
The above tests show that separator skim milk makes a 
very valuable food for calves. When properly handled and 
fed it comes very little behind whole milk in giving rapid growth 
and is very much ahead of it from the standpoint of economy. 
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It should not be fed alone, nor should the calf be changed to it 
suddenly from the whole milk, but the method of feeding as 
outlined in this bulletin will give valuable and thrifty calves, 
while at the same time it gives a profitable market for the skim 
milk and adds considerable to the income from the farm. 
Our experiments in feeding whey to calves were limited. 
We found, however, that after the calf was three months old, 
a large proportion of the skim milk could be replaced by fresh 
whey with apparently no difference in the growth of the calf. 
Weare planntng to do more work in this line. 
Plate 3 shows a group of the heifer calves, and a larger 
photograph of one of them, which were fed in this experiment. 
SUMMARY. 
(1 ) Calves may be raised very profitably on skim milk 
when it is properly fed. 
(2) From the standpoint of gain in live weight and 
quality of meat, whole milk is the best food for calves, but it 
makes too expensive a ration to be profitably fed. Butter fat 
has been worth 16c. per pound. The gain in live weight of 
these calves at 4c. per pound returns but 10.7c. per pound for 
the butter fat fed and at 3c. per pound forthe gain but 8c. per lb. 
(3) The calve whose rations were composed largely of 
skim milk, while they gained one-half pound less per day yet 
required practically the same amount of dry matter to each 
pound of gain as did those fed on whole milk; they made just 
as good use of the food. 
(4) The calves fed whole milk alone gave a greater pro-
portion of dressed meat to live weight than did those fed on 
skim milk, and also gave more fat on the carcass. 
(5) Young calves, up to 3t months of age, required less 
milk and less dry matter to each pound of gain than did the 
hogs. When the calves were five and six months old, however, 
more dry matter was required, but at least half of it was hay. 
(6) When fed to calves, fully as large financial returns 
were obtained for the skim milk as when fed to hogs. With the 
gain in live weight at 4c. per pound, the calves returned 22c. 
per hundred pounds for the skim milk and the hogs 22.8c. If 
the gain in live weight was worth 3c. per pound, the calves 
would return 5c. per 100 pounds more for the milk than would 
the hogs. 
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THE LABOR COST OF FEEDING HOGS AND CALVES. 
The question of labor is a very important one in applying 
the result of an experiment practically. Obviously the cost of 
the labor of feeding and caring for the animals cannot be de-
duced from the labor cost of an experiment. As far as the 
writer is aware the cost of labor is nearly always disregarded 
by experiments in giving the results of feeding experiments, it 
being estimated that the fertilizing material left on the farm as 
manure, and the saving in the cost of marketing, the grain and 
fodder used would compensate for the labor spent in looking 
a fter and feeding the animals. It follows that the cost of the 
labor can only be considered from the practical standpoint and, 
for this experience the experimenter must go outside of his ex-
periment and ask for the results of practical men. Here again. 
a difficult question presents itself, as a farmer may handle only 
from 12 to 20 hogs , while at the creamery or cheese factory 
from 400 to 600 may be handled, and it would be clearly erron-
eous to compare the cost of labor in feeding the former to the 
cost of the latter, or vOice versa. 
However, with the increase in the factory enterprises in 
the State an increasing number of hogs are being fed at these 
establishments, and it has occurred to me that it would pay all 
the factories to feed their by-products near the factory; the 
proceeds from them could be divided among the patrons ac-
cording to the milk each supplied, in the same way as the mon-
ey received for the butter and cheese made is divided. 
To get a basis upon which to calculate the labor cost of 
feeding hogs I obtained an estimate from three prominent £ac-· 
tory operators of the State as to the cost of looking after and. 
feeding the hogs at their respective places. The following is· 
the result: 
One creamery reports that one man would feed 1000 hogs, 
clean all the pens each day and draw the grain feed from the 
mill two miles distant. Another says that one man does all the 
work of feeding and cleaning out the pens for 500 hogs in five 
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hours each day. The wages pain in each case was about $1.00 
per day. 
At both creameries the hogs are purchased when weighing 
from 50 to 100 pounds each, though some few were heavier. 
The hogs are crowded from the start and at most not more 
than 100 days are required to fit the hogs for market, and in this 
time from 100 to 125 pounds have been added to the live weight 
of each hog. 
By putting all of the above figures together we find that it 
costs five hours of labor, or 50 cents, to look after 500 hogs for 
one day, or $50.00 to look after 500 hogs for 100 days. This is 
ten cents for one hog for 100 days, or for 100 pound gain, which 
gives one tenth of a cent as the labor cost of producing one 
pound of live weight of hog. It is thus evident from the results 
of these practical men, that when handled in large numbers, 
as hog may be at a cre~mery, the labor is a very small item in 
growing the hogs. If the value of the gain was reckoned at 4c. 
per pound, the labor cost' of producing the pork was but 2t~ of 
its selling price. . 
The above, of course , represents almost ideal conditions, 
yet it is what any factory operator could do with very littl 
outlay. Figures obtained from another creamery indicated tha 
it cost as much in labor to look after 300 hogs as the other two 
reported for 1000 hogs. At this place, however, the con-
veniences for feeding were not nearly so good, the hogs being 
fed in an open yard. They were, too, all raised on the place and 
were fed for a much longer time, or until 15 months old, at 
which age the hogs averaged almost 250 pounds live weight. 
This is only one-half as ~apid gain as is reported from the 
other creameries, but of course the animals when very young 
do not gain as many pounds per day as when larger. 
It should be noted that the places giving the above estimate, 
have excellent conveniences for feeding; the best that could be 
devised from the s tandpoint of economy of labor. A few illus-
trations and plans of one ot the buildings from which the above 
figures were obtained mav p.ot be out of place. 
Plate No. I shows the g.~·ound plan of the piggery and plate 
No. II (a ) shows a cross section of the same and (b) is a picture 
·of the interior. The skim milk and whey runs by gravity from 
the factory to the large tank shown in the cross section, and 
here grain is mixed with them. In feeding the hogs, the milk 
and grain flows through openings in the bottom of the tank, 
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shown closed by plugs in the illustration, passing between the 
double partition beneath the tank to the trough below. A 
stream of water flows close to, and on both sides of the trough, 
and by means of a rubber mop the manure is scraped to the 
stream which rapidly carries it away. During the growing 
season the water is used to irrigate the land. 
The remarks on the labor cost of feeding animals are 
equally as applicable to calf feeding as to hog feeding. Though 
perhaps it would be more difficult to feed a large number of 
calves than a large number of hogs. One of the best devices 
that I have seen for handling a large number of calves, was a 
row of s tanchion along one side of a pasture with a trough on 
the outside divided into boxes, one for each calf. At feeding 
times each calf was fastened in a stanchion, given his share of 
milk, and left there till he had gotten over his tendency to suck 
any of his mates . If the calves were divided into lots according 
to age and . the lots fed separately :it would probably simplify 
matters. 
In applying the facts given in this bulletin to actual farm 
practice it should not be forgotten that :the results here given 
are probably the best that could be expected, while no account 
is taken of the cost of drawing the milk back 'to the farm, as 
would be necessary where the milk is sent to a factory, nor yet 
for caring for, and feeding the hogs. As figured out under the 
best conditions, when a large number of hogs are handled. the 
labor cost of looking after them is about one half a cent for each 
100 pounds of milk fed. On the farm, however, the cost, if it 
is reckoned at all, .will be many times this, so that perhaps no 
more than one-half of the value here calculated could be given 
as the net returns for 100 pounds of skim milk. In handling a 
large number of hogs, too, it is doubtful if as good results 
would be obtained as there were with the small number fed at 
anyone time in this experiment. However, our results show a 
possibility, and the above remarks in no way apply to or change 
the results obtained from a comparison of the different methods 
of feeding. 
Another point to note is that the experiments answer only 
the question as to the value of the skim milk. Though whey 
was fed, our experiments were altogether too limited to com-
pare its value with that of skim milk. Experiments conduc-
ted at other stations generally place the value of whey at one-
half that of skim milk. 
